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Description 



KICKBACK PREVENTING CIRCUIT FOR 

ENGINE 

Background of Invention 

[0001] This invention relates to an ignition system for an internal 
combustion engine and more particularly to an ignition 
system including an arrangement for precluding the oc- 
currence of reverse rotation running, particularly during 
starting of the engine. 

[0002] Spark ignited internal combustion engines generally in- 
clude engine driven electrical generators for providing the 
electrical power to fire the ignition system. This may be 
done directly from the generator, as in the case of mag- 
neto ignition, of from the battery charging system of bat- 
tery carrying machines. The timing of firing of the spark 
plug is controlled by a pulser coil that cooperates with a 
timing mark on the engine flywheel. These timing marks 
have a particular circumferential extent and generate pos- 
itive and negative pulsed as the leading ad trailing ends 



pass the pulser coil. 

[0003] jo s tart the engine it is cranked in one of several man- 
ners. This cranking may be done by an electrical starter 
motor or manually by a kick starter, pull rope or crank, for 
example. The spark plug or plugs are then fired in re- 
sponse to a pulse signal from the pulser coil. However, at 
the time of original engine rotation the turning force ap- 
plied may not be sufficient to resist the internal pressure 
generated in the combustion chamber. The internal pres- 
sure, if it overcomes the cranking force may cause the en- 
gine to rotate in a direction opposite to that desired. 
However the pulser coil will still create a pulse, in this in- 
stance from the trailing edge of the timing mark, and 
combustion will be initiated. Some engines, particularly 
two stroke ones can and will run in either direction. This 
presents significant problems both to the engine and its 
related equipment as well as to the starter and possibly 
even the operator. 

[0004] a system has been proposed in Japanese Published Appli- 
cation Hei 9-151836 to avoid this problem. As disclosed 
in that application, in addition to the normal pulser coil 
and timing mark, a generator has at least two coil wind- 
ings that output electrical energy as the engine rotates. 



These coil windings output sinusoidal wave outputs hav- 
ing positive and negative portions. The system includes a 
generator output polarity discriminating circuit which 
compares the polarity phase when the pulser coil is trig- 
gered and if the engine speed is below a predetermined 
value. From this the direction of crankshaft rotation is de- 
termined. If it is reversed from that desired, ignition is 
precluded. 

[0005] The problem with this arrangement is that the timing 

mark must be located to register with the pole magnets of 
the generator to work. This compromises both the posi- 
tioning and timing of the timing mark and the number of 
poles and coils in the generator. 

[0006] it is therefore a principal object of this invention to pro- 
vide a very simple and effective arrangement and method 
for preventing reverse rotation without affecting either the 

timing or generating system. 
Summary of Invention 

[0007] a first feature of the invention is adapted to be embodied 
in a method of preventing reverse rotation in a spark ig- 
nited internal combustion engine having at least one 
spark plug fired by an ignition circuit and having an elec- 
trical generator driven by the engine and a starting device 



for cranking the engine for starting thereof. The method 
comprises the steps of permitting firing of the spark plug 
after the starting device is initially operated, determining 
after the starting has been initiated if the speed of the en- 
gine has decreased sufficiently that the engine may be 
starting to rotate in a direction opposite to that desired, 
and thereafter preventing firing of the spark plug. 

[0008] Another feature of the invention is adapted to be embod- 
ied in an ignition and anti reverse running system for an 
internal combustion engine. The system comprises a 
pulser coil for generating a pulse in response to the pas- 
sage of a timing mark associated with a shaft driven by 
the engine. An ignition circuit receives the pulse and initi- 
ates the firing of a spark plug of the engine. Also included 
is an ignition preventing circuit for preventing the firing of 
the spark plug by the ignition circuit when the speed of 
the engine falls below a predetermined speed after the 
engine has been initially cranked for starting thereof. 

[0009] | n accordance with yet another feature of the invention as 
set forth in the preceding paragraph, the electrical gener- 
ator has a plurality of phases and the speed of the engine 
is determined by a summing circuit that sums the output 
of at least two of the phases. 



Brief Description of Drawings 

[0010] FIG. 1 is a partially schematic view of an electrical gener- 
ating and ignition circuit for an internal combustion en- 
gine embodying the invention and performing a method in 
accordance with the invention. 

[001 1] FIG. 2 is a circuit diagram of the kickback preventing cir- 
cuit incorporating the invention. 

[0012] FIG. 3 is a time chart showing certain outputs of the cir- 
cuit and its components. 

[0013] FIG. 4 is a block diagram explaining the control routine. 

Detailed Description 

[0014] Referring now in detail to the drawings and initially to FIG. 
1, the electrical generating and ignition circuit for an in- 
ternal combustion engine is illustrated in schematic form, 
for the most part. The generating system comprises a 
three-phase generator 11 fixed in a suitable manner adja- 
cent to an end of an engine crankshaft (not shown). The 
stator of the generator 11 has coils wired in three phases 
with their output ends being indicated as U, V, and W.. 
These coils cooperate in a known manner with permanent 
magnets fixed to a flywheel (not shown) that is attached 
to the aforenoted crankshaft end. The three phase output 



terminals U, V, and W of the coils are connected to a bat- 
tery 12 via a regulator 13. The rectifier 13 both rectifies 
the output of the coil windings and acts to prevent exces- 
sive current. 

[0015] | n addition to the permanent magnets that cooperate with 
the coil windings as just described the flywheel is pro- 
vided with a timing projection on its outer surface that 
cooperates with a pulser coil 14, as is also well known in 
the art. As the crankshaft rotates, the pulser coil 14 de- 
tects changes in the magnetic flux at both ends of the 
timing projection. The timing projection extends through 
an arc of, for example, about 60 degrees of crankshaft 
angle. This produces one positive and one negative pulse 
signals per revolution of the crankshaft. 

[0016] The outputs of the pulser coil 14 are supplied to an igni- 
tion system indicated generally at 15 for carrying out the 
control of the engine ignition. The ignition system 15 is 
made up of a power supply circuit 16 connected to the 
battery 12, a booster circuit 17 for providing a desired 
specified ignition voltage, and an ignition control circuit 
18 that receives the output from the pulser coil. These 
components may be of any desired type and form no part 
of the invention. Those skilled in the art will readily un- 



derstand from the following description how the invention 
can be applied to any desired, basic ignition system con- 
nected to the pulser coil 14, The ignition circuit 18 sup- 
plies ignition voltage to an ignition coil 19. The output 
from the ignition circuit fires one or more spark plugs 21 
at a crank angle position corresponding to an optimum 
ignition timing based on the pulse signal coming from the 
pulser coil 14 in any desired strategy according to the op- 
erating condition of the engine. 

[0017] | n accordance with the invention, a kickback preventing 
circuit 22 embodying the present invention is incorpo- 
rated in the ignition system 15.The kickback preventing 
circuit 22 is comprised of a pulse receiving circuit 23, a 
reverse revolution discriminating circuit 24 and a genera- 
tor output receiving circuit 25. 

[0018] The pulse receiving circuit 23 is connected through a ter- 
minal A to the pulser coil 14 to receive pulse signals. The 
generator output receiving circuit 25 is connected through 
terminals B and C to any two of the phase terminals (V 
and W terminals in this example) of the generator 11 to 
receive output voltage of the generator 11. The reverse 
revolution discriminating circuit 24 detects, as will be de- 
scribed later, a reverse revolution condition based on the 



pulse signal from the pulse receiving circuit 23 and on the 
generator voltage from the generator output receiving cir- 
cuit 25 and sends an ignition permitting or prohibiting 
signal to the ignition circuit 18 through a terminal D. 

[0019] The details of the kickback preventing circuit 22 will now 
be described by particular reference to the circuit diagram 
shown in FIG. 2. The pulse receiving circuit 23 is made up 
of a diode Dl connected to the terminal A and a resistor 
Rl. The generator output receiving circuit 25 is made up 
of diodes D2 and D3 connected to the terminals B and C, 
respectively: a capacitor CI; and resistors R5 and R8. The 
reverse revolution discriminating circuit 24 is made up of 
a flip-flop circuit made up of transistors Trl and Tr3 and 
a transistor Tr2 that is connected to the generator output 
receiving circuit 25. The collector of the transistor Trl is 
connected to the output terminal D of this reverse revolu- 
tion discriminating circuit 24. 

[0020] The way the kickback preventing circuit 22 operates may 
be best understood by reference to FIG. 3 which is a time 
chart showing input and output signals of the respective 
circuits constituting the kickback preventing circuit 22. 
When a cranking operation is initiated at a time point Tl, 
the crankshaft starts rotating through the operation of the 



starting device which may be a starter motor, a kick 
starter, a crank or a pull rope. As seen in curve a, a posi- 
tive pulse signal al is produced at the time point T2. This 
curve (a) shows the waveform of the pulse signal supplied 
from the pulser coil 14 to the pulse receiving circuit 23 
through the terminal A (FIG. 2). 

[0021] Assuming there is a reverse rotation condition developing 
at the time T3, the revolution speed of the crankshaft 
starts decreasing at the time point T3 and will become 
zero at the time point T4. If not corrected the crankshaft 
will then reverse. 

[0022] As seen in curve a, a pair of positive and negative pulse 
signals with the first positive one previously identified as 
al will occur in the output from the pulser coil 14 per rev- 
olution of the crankshaft. These corresponding to leading 
and trailing ends of the projection on the crankshaft, side 
are obtained as detected with the pulser coil 14. 

[0023] The described example shows a case in which reverse rev- 
olution might occurs before the projection is detected in 
the second revolution of the crankshaft. As noted, this 
shows a state in which, after the second, positive pulse 
signal a2 is obtained, the speed decreases and may re- 
verse. As a result, the time point of the pulse signal a3 is 



delayed due to the low speed, and the pulse output is low. 

[0024] Continuing to refer to FIG. 3, the output voltage wave- 
forms of the three phases of U, V, and W of the generator 
11 (FIG. 1) are shown by the curves bl, b2, and b3. The 
narrow waveforms indicated by the curve portions br in 
the respective waveforms show the state where part of the 
generator output is grounded by the regulator 13 (FIG. 1) 
to prevent the generator output from becoming too great. 

[0025] The curve (c) shows the output waveform of the generator 
output receiving circuit 25 made by synthesizing two 
phases of output voltages received by through the termi- 
nals B and C (FIG. 2). The compound output voltage is the 
voltage by which the capacitor CI (FIG. 2) is charged. The 
voltage increases gradually after the start of the 
crankshaft revolution, and which is maintained at a con- 
stant value by the regulator 13. As seen in FIG. 3 this 
starts decreasing at the time point T3 with the decrease in 
the crankshaft revolution speed. When the revolution 
speed becomes zero at the time point T4, the voltage also 
becomes zero or almost zero. 

[0026] The output voltage waveform of the transistor Tr2 (FIG. 2) 
of the reverse revolution discriminating circuit 24 is 
shown by the curve d in FIG. 3. The transistor Tr2 is turned 



off when the generator output voltage, curve, relative to 
the capacitor CI is zero or a specified low value, is turned 
on when the voltage increases to a specified value above 
the low value set and is turned back to off when the volt- 
age decreases again to the set low value. 

[0027] | n the specific example shown, the transistor Tr2 turns on 
at the time point (nearly the same as the time point Tl) 
when the voltage curve c comes to a specified value that is 
slightly higher than zero with a slight delay after the revo- 
lution start (time point Tl). 

[0028] The transistor Tr2 remains on as long as the voltage is 
equal to or above the specified value slightly larger than 
zero. It turns off at the time point T4 when the voltage 
decreases to the specified low value and the revolution 
speed comes to zero and the reverse revolution is started. 

[0029] Continuing to refer to FIG. 3, the curve e shows the wave- 
form of the output from the output terminal D of the re- 
verse revolution discriminating circuit 24. The reverse 
revolution discriminating circuit 24 switches from Hi to Lo 
at the time point T2 when a positive pulse signal al is 
supplied while the transistor Tr2 is on. It switches from Lo 
to Hi at the time point T4 when the transistor Tr2 turns 
off. Ignition is prohibited when the output terminal D is 



Hi, and ignition is permitted when the output is Lo. Thus 
the engine will not be permitted to run in a reverse direc- 
tion and will stop until restarted again. 

[0030] Referring now to FIG. 4, this is a functional flowchart of 
the operation of the kickback preventing circuit. At start 
the Step SI corresponds to the period with the crankshaft 
at rest before being rotated at the time point Tl (FIG. 3), 
or before the engine start (before a cranking operation). 
Here, ignition is prohibited as the output terminal D is set 
to Hi, as explained in reference to FIG. 3, without genera- 
tor output, without capacitor voltage, with the transistor 
Tr2 off, and without a positive pulse signal. 

[0031] The Step S2 corresponds to the period between the time 
points Tl and T2, or between the cranking start and the 
first supply of a positive pulse signal al. The transistor 
Tr2 is turned on as the generator output increases and the 
voltage relative to the capacitor CI is not lower than the 
specified low value. Although the transistor Tr2 is turned 
on here, the output terminal D remains at Hi in the state 
of ignition prohibited because no first positive pulse sig- 
nal has been supplied. The Step S3 corresponds to the pe- 
riod between the time point T2 at which a first positive 
pulse signal al is supplied after the crankshaft starting 



revolution and T3 at which the crankshaft starts losing ro- 
tating energy to slow down due to the start of reverse ro- 
tation. In this state, the generator output is high, and the 
capacitor voltage is not lower than the specified low value, 
and the transistor Tr2 is on. As the positive pulse signal is 
supplied in this state and the output terminal D is set to 
Lo, ignition is permitted. 

[0032] The Step S4 corresponds to the period between the time 
points T3 and T4, the period in which the crankshaft 
slows down and its speed reaches zero. Although the 
generator output decreases and the capacitor voltage de- 
creases, the voltage is not lower than the specified low 
value and the transistor remains on, the output terminal D 
is set to Lo, and ignition remains permitted. 

[0033] The Step 5 corresponds to the time point T4 at which the 
rotating direction of the crankshaft changes from normal 
to reverse. In this state, no generator output is present, 
the capacitor voltage decreases below the specified low 
value. As a result, the transistor Tr2 is set to off, the out- 
put terminal D is set to Hi, and ignition is prohibited. 

[0034] The Step S6 corresponds to the state of the crankshaft in 
reverse revolution after the time point T4. As the 
crankshaft rotates in the reverse direction, generator out- 



put is produced to turn the Tr2 on. However, a positive 
pulse signal is not supplied after the ignition-prohibited 
state is brought about. Therefore, the ignition-prohibited 
state persists and kickback is prevented. 
[0035] The ignition-prohibited state is reset and the ignition per- 
mitting state is brought about again when a new pulse 
signal is supplied as the crankshaft starts revolution by a 
next cranking operation with a kick pedal or starter mo- 
tor. 

[0036] Thus from the foregoing description it should be readily 
apparent that the described ignition control circuit and its 
method of operation provides a very simple but highly ef- 
fective prevention of engine reverse rotation upon starting 
by prohibiting ignition when a reverse rotation situation 
arises. Of course those skilled in the art will readily recog- 
nize that the foregoing description is that of preferred 
embodiments but various changes and modifications 
thereof are possible without departing from the spirit and 
scope of the invention, as defined by the appended claims 



